Summary Girls who engage in strenuous physical activity are often amenorrheic and have recently been reported to be at a reduced risk of breast cancer. To determine whether moderate amounts of exercise affect menstrual cycle patterns and ovulatory frequency in young postmenarcheal girls, the menstrual cycles and physical activity patterns of 168 high school girls were monitored for a 6 month period. Anovulatory cycles were associated with later age at menarche, fewer elapsed years since menarche and greater levels of energy expended per week in physical activity. After adjusting for age at menarche and years since menarche, there was a significant dose-related trend in the risk of anovular menstrual cycles associated with increasing levels of physical activity (1-sided P=0.03). Major determinants of average cycle length were weekly average energy expenditure (< 750 kcal wk-1 associated with cycles that were on average 2.4 days longer), age at menarche (an increase of 0.7 days per year of age) and race (Asians having cycles about 1.9 days longer than Caucasians). Because a major determinant of breast cancer risk may be the cumulative number of ovulatory cycles, these data suggest that regular participation in moderate physical activity, by reducing the frequency of ovulatory cycles in adolescence, may provide an opportunity for the primary prevention of breast cancer.
Menstrual and ovulatory patterns during adolescence and young adulthood affect the risk of a variety of severe chronic diseases later in life. Age at menarche and cumulative number of ovulatory cycles are considered major determinants of breast cancer risk (Henderson et al., 1985) . Young women with menarche before age 12 have a risk of breast cancer that is two times greater than that of women whose age at menarche is 13 or older (Pike et al., 1981) . Teenage girls from populations with low breast cancer rates have both later menarche and a lower frequency of ovulatory cycles for a fixed number of years since menarche, than do girls from high risk populations (MacMahon et al., 1982) . In particular, Japanese women have significantly lower rates of breast cancer than US women and this is explained, in part, by their later age at menarche and lower body weight . In a longitudinal study of young Finnish schoolgirls, Apter and Vihko (1983) showed that girls with early menarche establish ovulatory cycles more quickly than those with later onset of menstruation. Case-control studies have shown that women with breast cancer are more likely than controls to have established a regular menstrual cycle pattern early (Pike et al., 1981; Olsson et al., 1983) and to have maintained a lifelong menstrual cycle pattern that is regular (Olsson et al., 1983; LaVecchia et al., 1985) . A woman's risk of ovarian cancer is also directly related to her years of ovulatory menstrual activity (Casagrande et al., 1979) ; the reverse is true for endometrial cancer (Henderson et al., 1983) . Since amenorrheic young women may have reduced bone density (Cann et al., 1984; Drinkwater et al., 1984) , their ultimate risk of osteoporosis may be increased. For all of these reasons, factors which influence the onset of menstruation and ovulation and which control the regularity of these events may themselves have important influences on a woman's health.
Premenarcheal girls who engage in strenuous physical activity such as regular ballet dancing, running, or swimming have a considerable delay in the onset of menses (Warren, 1980; Frisch et al., 1981) . Secondary amenorrhea may continue throughout the teenage years as long as such strenuous physical activity continues (Feicht et al., 1978; Frisch et al., 1980; Warren, 1980; Frisch et al., 1981; Wakat et al., 1982; Russell et al., 1984) . There is now evidence that rigorous physical activity lowers the risk of breast cancer and of reproductive cancers as a whole (Frisch et al., 1985) . However, such activity also may increase susceptibility to reduced bone density (Cann et al., 1984; Drinkwater et al., 1984) .
Although it is well established that strenuous exercise has profound effects on menstrual activity during adolescence, the effect of moderate physical activity on menstrual cycle and ovulatory patterns is less clear. It has been suggested that moderate exercise may lead to a suppression of luteal function (Shangold et al., 1979; Ellison & Lager, 1986) . Thus, moderate physical activity may create a favourable environment in terms of breast (and ovarian) cancer prevention. In the present study, we have monitored high school girls over a six month period to examine the relationship of physical activity patterns, menstrual cycle length and ovulatory frequency.
Materials and methods

Study subjects
In September, 1984, we invited 276 tenth and eleventh grade students at a Catholic girls' high school, located in Alhambra, California, to participate in the study. The students ranged from 14 to 17 years of age. The study rationale and protocol were explained to all eligible students at an assembly: during the six month study period, all participants would maintain biweekly menstrual cycle calendars and records of physical activity, and would provide early morning, luteal-phase urine samples for two menstrual cycles. At the assembly, students were asked to complete a questionnaire providing information on menstrual cycle history (age at menarche, date of initial menses, usual cycle length, regularity of menses) and relevant background data (date of birth, height and weight). Each girl returning a questionnaire at the end of the assembly was asked to take home a letter of consent which provided details of the study and which was to be signed by one of her parents. All girls who returned consents (n = 174) were considered participants in the study. None of these girls had ever used oral contraceptives or had ever been pregnant.
Data collection procedure Biweekly menstrual calendars were collected from partici-pants. On the calendars, the girls recorded on a daily basis whether they experienced menstrual bleeding which required a sanitary pad or other protection. They also recorded any weight loss during the two week interval and, for the second of the two weeks, they maintained a daily calendar of their physical activities. The physical activity calendar provided a separate list for recording school-related and non-school related activities. For any activity in which they 'worked up a sweat', subjects documented the type of activity, number of minutes spent in that activity and a relevant measure of the intensity of the activity (e.g., sets of tennis completed or miles run). Menstrual cycles in progress on February 28, 1985 were followed until the next menstrual cycle began. Adequate data (no more than one missing two week calendar segment during the study period) were collected for 168 subjects.
Sample collection Luteal phase urine specimens were collected during two menstrual cycles that were approximately 3 months apart. Each girl provided a first morning urine specimen on cycle day 22 (where day 1 is defined as the first day of menstrual bleeding), and if subsequent menstrual bleeding had not yet begun, a second sample on cycle day 30. All samples were picked up at the girls' homes in the early morning of the day they were collected. They were returned to our laboratory where the total amount of urine collected was measured. Samples were then divided into three 25 ml aliquots and one 2 ml aliquot. These samples were frozen and stored at -20°C for later analysis. We sampled two cycles for 163 girls and one cycle for 5 girls.
Determination of ovulation
The concentration of pregnanediol glucoronide in the urine was determined by the method of Samarajeewa et al. (1979) . Urinary creatinine was measured by the kinetic alkaline picrate method. For each sample the ratio of pregnanediol glucoronide to creatinine (PgC) in pg mg-I was calculated. Cekan et al., (1986) have demonstrated the utility of this measure in the retrospective assessment of ovulation.
Hormone data from a group of seven ovulatory adult women were obtained to enable us to establish a critical value of PgC for determining whether or not a particular study subject's cycle was ovulatory. These women were participants in a study of the utility of urinary steroid glucoronides to identify the fertile period in women (Adlercreutz et al., 1982) . Daily first-morning urine samples had been collected from each of these women for one complete menstrual cycle. The menstrual cycle lengths ranged from 24 to 35 days (mean 29.6). These specimens were assayed concurrently with those of the study subjects. The mean PgC ratio and 95% confidence limits for these control cycles are plotted by the number of days to the onset of the next menstrual cycle in Figure 1 . judged ovular, the subject was designated as ovulatory; if both cycles were adequately assessed and neither was ovular, the subject was considered anovulatory. Adequate data on ovulatory status were available for 146 subjects. Of the 22 participants not assigned a summary ovulatory status, 12 had one anovulatory cycle and one indeterminant cycle (2 with no sample, 3 with no cycle length recorded, and 7 with no sample collected within 11 days of onset of subsequent menses); both sampled cycles were indeterminant for the remaining 10 participants (5 with samples for both cycles collected more than 11 days prior to the onset of subsequent menses, and 5 for whom this was true for one cycle, with no record of cycle length for the other cycle).
Statistical analysis Data on physical activity were summarized (1) by obtaining the average minutes per week that a subject participated in school-related activity and in non-school related activity and (2) by obtaining the kilocalories (kcal) of energy expended in physical activities per week. The energy expenditure for a given activity was based on the product of an intensity code associated with the activity and the total duration of that particular activity in minutes. The intensity codes given by Taylor et al. (1978) for various activities were adapted for this study. These codes represent the kcal of energy expended per minute assuming a basal metabolic rate of 60 kcal per hour. The activities (and intensity codes) in which subjects participated were walking (3.5); volleyball and bicycling (4.0); softball (5.0); cheerleading and drill team practice, aerobic and recreational dancing, and exercise class (5.5); gymnastics, swimming, jogging, basketball, and tennis (6.0); and rollerskating (7.0). Quetelet's index (100 x weight/height2) was used as an index of adiposity. Since this index does not distinguish components of body weight, a second index, the percentage of body fat, was calculated as described by Mellits and Cheek (1970 Table I . The subjects with undetermined status were similar to those we considered anovular in terms of age at menarche, years since menarche and indices of physical activity (total minutes and kcal per week). However, they had longer average cycle lengths than both groups, as might be expected from the criteria used to assess whether adequate sampling had occurred. All three groups were similar in terms of body size measures. Thirty of the 146 subjects with determined ovulatory status (20.5%) were anovular. Although there were no differences in age between anovular and ovular girls, those who were anovular began menstruating at a significantly later age and had menstruated significantly fewer years than those who were ovular (Table I) . There was also a significant difference in average cycle length with anovular subjects reporting cycles that were on average 4 days shorter than those of girls who were ovulatory. Anovular girls spent greater amounts of time in both school-related and nonschool related physical activity, consistently expending more energy (kcal) per week in exercise over the six month observation period. The two groups did not differ on measures of body size and adiposity.
The proportions of subjects with anovulatory status did not differ by race. Six of 26 Asian subjects (23.1%) were anovulatory compared with 24 of 120 Caucasian subjects (20.0%). Table II shows the distribution of subjects by age at menarche and gynaecologic age (number of months since onset of menses) according to ovulatory status. The percentage of subjects with anovular status decreases with increasing gynaecologic age from 37% in the first twenty- four months to 9% at 60 or more months (test for trend, 1-sided P<0.001). The percentage of anovular cycles also increases with increasing age at menarche from about 8% for girls with menarche at age 11 or younger to nearly 35% for girls with menarche at age 13 or older (test for trend, 1-sided P=0.001). Age at menarche and gynaecologic age are highly correlated since girls who were studied at relatively short intervals after menarche tended to be those with late menarche. Using logistic regression analysis to mutually adjust each factor for the other, the magnitude of each effect is reduced and neither factor is statistically significant after adjustment for the other. When gynaecologic age and age at menarche are fitted jointly, the regression slope for gynaecologic age is -2.8% per year (1-sided P=0.11) and that for age at menarche is 4.3% per year (1-sided P=0.07). Thus, it is difficult to disentangle the effects of each factor on the probability of anovulation. The data for average weekly energy expenditure were categorized into quintiles to evaluate the relationship between anovulatory status and physical activity. As shown in Table III , there was a significant trend in the risk of anovulation with increasing average weekly energy expenditure (1-sided P=0.03) after adjustment for gynaecologic age and age at menarche. Girls who engaged in moderate physical activity (averaging more than 600 kcal of energy expenditure per week) were 2.9 times more likely to be anovular than were girls who engaged in lesser amounts of physical activity (2-sided P=0.03). There was no association between either measure of adiposity and ovulatory status. Table IV for Asians and Caucasians. In addition to having significantly longer menstrual cycles, Asians were both significantly shorter in stature and lighter in weight. There was no difference in age between the two groups of girls, nor did they differ on gynaecologic age. Although both groups participated equally in school-related physical activity, Caucasian girls spent significantly more time participating in non-school related physical activities, averaging 22 minutes more per week than Asian girls.
Discussion
The effects of age at menarche and gynaecologic age on the probability of anovulation in our study group are consistent with those reported by others (MacMahon et al., 1982; Apter & Vihko, 1985) . Girls who participated in moderate physical activity, averaging more than 600 kcal of energy expenditure in such activity per week, were significantly more likely than less active girls to be classified as anovular. (Frisch et al., 1985) . This reduction in risk is consistent with that which would be predicted using the model of breast tissue aging proposed by Pike et al. (1983) if the increased frequency of anovular cycles resulting from exercise during adolescence slowed the breast tissue aging rate prior to first full-term pregnancy.
In this study, subjects who engaged in moderate physical activity had significantly shorter menstrual cycles. The magnitude of the effect of physical activity on average cycle length was similar for both ovulatory and anovulatory girls. Although the results were not statistically significant in the subgroup analyses, this observation suggests a relationship of moderate physical activity with luteal phase insufficiency as well as with anovulation. This is consistent with studies of the effects of exercise on luteal function (Shangold et al., 1979; Bonen et al., 1981; Ellison & Lager, 1986) . Comparing women participating in moderate recreational running with nonexercising control women, Ellison and Lager (1986) recently showed that runners had significantly lower peak and average luteal-phase progesterone levels and appeared to have shorter luteal phases. Bonen et al. (1981) found that adolescent swimmers had shortened luteal phases when compared to age-matched controls and adult women.
Later age at menarche, and Asian race were predictive of longer cycles after the adjustment of average cycle length for physical activity level. Henderson et al. (1985) and since race is not predictive of ovulatory status in this study, we would predict, based on this difference in cycle length, that AsianAmerican girls would have 0.7 (0.934-5) times the breast cancer risk of Caucasian girls. This is consistent with Los Angeles County data for 1972 County data for -1984 . Based on the cumulative incidence rates to age 55 per 1,000 population for Caucasians and Asians, Asian women have about 0.68 (23.7/34.8) times the risk of breast cancer of Caucasian women.
We have insufficient data to explain the difference in average cycle length between Asian and Caucasian US girls. Differences in body mass and/or differences in intake of specific nutrients during childhood and adolescence are possible explanations.
This study suggests that regular participation in moderate physical activity, by reducing the frequency of ovulatory cycles in adolescence, may provide an opportunity for the primary prevention of breast cancer. Moderate physical activity should be promoted by educators and health professionals as a routine part of the health-related activities of adolescent girls.
